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Robcrt H sag, stia, N. . 
. ëi ElèCtHë=CPa,  C.0k0rtion 0f New 
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- 43,S54 Dided and th aPpiiëàtion 
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One O ,the uses.Of ',thue' chémically- aciv 
carbon Powdr is _fOl!Y described 
in my .copendi a-pçhoetion Serial -N0 3855, 
filed August 12, 198 ënitled "Mahi-ne 
e$hod for riiyingthe Inrt Gases ' filëd con  
Currefltly herewi, th nd-asSigned .:-the :sme as- 
siee as the preSent ïnventi0n.'  This :applica: 
tion is a division of my copenng application, 
Sèrial .No. 43,854, ed Augut 12, 194 
signed te the Sàme assignee as :the Present 
vention. e erm ;'.,graphitiC Cabon" S .used 
hereinafter in the ecificaGon-is a generic term 
which is innded t0 mean l-emental carbon 
which shows an X-ray diffrtion pattern Char- 
acteristic of agraphite lfittice ad,-thrfre, 
go includes àpte. "  
. The use of actiVatddcarb5ns OEor thè 
tion of gases :hasbn preCiated for many 
years.- However, :the .adseptiofi 0f SUch ghses 
s trogen andhyr6gen by cGated Carbon 
is-àccomDshed inany deirable dègree onlY-.t 
vëry low:temperature (i. e:less tha.n tO0  C.). 
em0re, thë àorption  :thee gases 
oy physical, in:nàte, '0r::the pr0cs iS.rers- 
ible and mere!y-byincres thè :CpergtUrè 
of the mitë o :activated cgrb0 ànd 
sorbed gases: the aorbéd:gases easily evote 
from the activated carb0n nd ëtn te their 
free gaseo state, on the other hnd the.ad- 
sorption of such gases as trogen and hydço: 
gen by checaHy active gvphitid"ca.rbo:.pow - 
ders prodUced bY the c0mmi.nnti apratus of 
the esen t inentio  odtobe»bstatiay 
oereversible and .for that"rea-Són ïS reerred to 
as chemical  nature. 
ere ave glso .been atemPts topr0duce 
trafine sized Carbon prticles whiCh bave re- 
sted in the pr0ducion of nume0us. càron 
blacks. èse cashon blacks/produced, chiefiy 
by hë combusGon 0f»hyecab0ns, bave 
desirable qualïties çn:hve bëened éxive- 
ly  the pat indust, rubber industry,::Chem- 
ical industries,etc. e production of iform- 
ly sized particles and of :uI:a-e -sed 
Gcles is expeive, and the-poductionof carbon 
blacks bas been ïn hë :past solely by. ermal 
meam. These _carbon blacks dîffez c0iderbly 
from .the chemically .active .:aphiGc Cazbons 
descried hereinaftez. '   

(C1. 741-'18 
vid a method ïor pdicn 
graphitiC abon P.wdërs.. 
5 Phitid cabon pb'de 5f::rëiieÏy 
.ofiher objec qf: my pvçntion 
a meoO or .produi 
10 , :raphitid  ca5n 'P0wder :h'ich 
i: adb ses bther:n thë:efis.. 
a graphifi: Crbofl ode!Ch:eh 
in-to contC.fi ith :Cbhttg.of:h:in 
reversibly adsorb :the 
m£ogefi anff hydrgen CSfitine'd::them. 
:rther becd adntÇes;0 m 
tion .will bëC0e aPPrè-  s.te :0tl5îng de- 
20 scriPtion pr0ceeds :nd :th: 
whïch chacteize :mY ië-tion 
.OUt with :p fiCUlit: :i £h :cli:a:exèd 
and £0ing a pr 
fi5 nëc.essrF fo dise th .£ritiofi ha:aèfiics 
o£ raPitic cbòn, 
Carbon,"and :thë vaiion of&edr-ra-tè :0ï gr- 
Phitic cruon :,hé rsence .of ;oerta4h ::gases. 
The luSricàtion chmcteiscs, ogrphi-te 
30 hot intrinsic in the graphite crsaLsfir,ucue 
alerte 5ut .depend ..upon. adsopien. :fi :su¢h 
 g. :wat.e, "beene,-nhçan d.iethF!eth 
35 the-grpte -sizes 
elecron:micrscpe, h, .a¢ fomd:t 
£his fine ::ut.,(efered. :o 
i¢les ;haing :ique. 
specific..surfac.e 0f he 
suare:eters per grain 
490-fd Sn.:the waig::proaes, :ad he 



flnest black colIoidal carbon powders produced 
by chemical methods. 
The wear-dust is round to be main]y black 
graphite partictes. The speciflc surface of this 
wear-dust in some instances exceeds 10 « cm.  per 
grain of carbon. The fresh dust is extremely 
active while stilt under vacuum so that if "cleans 
up" (adsorbs) hydrogen and nitrogen and meth- 
ane at low pressures even though it is not chilIed. 
If is known tha chitled activated carbons have 
a tendency to adsorb gases, but upon heating 
these a'tiVed carb0n particles the gases are 
driven off. The fact that the subject graphite 
particles react with gases even though unchilled 
suggests that something other than physicaI ad- 
sorption is taking place. I believe that the bond 
between the fine graphite Partictes and the gases 
is of a chemical nature and. tht/the.wearing 
process involves a steady subdivisi0n Of graphite 
crystats to minute size inctuding a continual 
tearing apart of the individual scates of graphite 
at right angles to the slip planes. The scission 
of intraplanar bonds involved is rather remark- 
able when it is remembered that these bonds 
are probably stronger than those in the diamond 
molecule as indicated by their shorter C--C dis- 
tance. Th exposed Valence forces due fo the 
scission of these bonds easily accounts for this 
acivity 0 ï the graphie particles toward the gases 
mèntioned atthe:.relativèIy high room temper- 
aues. . 
The effect of .d non-lubricant gas ùpon the 
wear rate of g.aphite is indicated by the folI0w- 
ing: !ï"he .graphite bUslïes bèar UPon a cop- 
per disb in an evacuated. Chamber, a high fric- 
tion coèfficient is meastred and the brushes wear 
at a greatrate producing the wear-dust. With 
graphie .brushes bearing on a copper disc in a 
chamber in which there .is. water vapor, the high 
frictioncoefficient (=80 per cent) which per- 
sists in vacuum shows an immediate drop. Af a 
water vaPor pressure of 3 mm. Hg the wear rate 
fallS practically .to  zero (<10 -4 mm.3/second), 
and the. friction becomes tow (=18 per cent) 
an d. constant. This effect is round fo be quickly 
re¢er.sible, an equilibrium being reached between 
wear rate and water ïapor. pressure as shown 
by the graph Fig. !. At water VaPor pressures 
above 3 mm.. Hg the brushes cn be oporated 
indefmitely with negligible wear. When hydro- 
gen is:substituted ïor water vapor the graphite 
rods dust away at wear rates approaching those 
observed, in vacumn. No lubricant effect with 
this gas, hydrogen, is noted even ata pressure 
oï 600 rein.Rg. 
" Nitrogen and carb0n monoxide also show no 
ldbricant effect, at Ieast in the pressure range 
up to 600 mm. H, the graphite wearing in these 
gases as in vacumn. Oxygen shows a lubricant 
effect, similar to that of water vapor but at pres- 
sures higher by a ïactor oï about 100 (i. e. a pres- 
sure oï 200-400 mm. Hg is required to Iower the 
wear rate to the zero range noted with water 
at about 3 mm. I-Ig). On the other hand, the 
easily c0ndensable vapors produce complete lubri- 
cation and consequentiv very low wear rate àt 
pressures, betow 5 mm. Hg. These vapors 
clude ammonia, a.ceone, benzene, ethanol, di- 
ethylether, hexamethyldisiloxane, and n-hexane. 
In general the efliciency of the gas or vapor in 
the lubrication process seems to increase with 
boiling point (or ease of condensation), although 
there is indicàted an additional specific factor 
relating to composition, as shown by the 

ference between oxygen (B. P., --183) and nitro- 
gen (B. P., --196). 
The graphitic carbon wear-dust described and 
claimed hereinafter may be ruade, for instance, by 
5 pressing rods of graphitic carbon against a rotat- 
ing metal (e. g. copper) or carbon disc in a vacuum 
or in the presence of a non-lubricating gas (e. g. 
a dry gas of the inert gas group such as argon or 
air free oï moisture). More particularly, the 
10 production of this chemic!!y active .graphitic 
carbon Powder is accompihed  by!Srssing the 
face of a/otating rotoint  Erïphitic car- 
bon brush in a chamber which bas been evacu- 
ated, or filled with a non-lubricating gas. The 
]5 preparation of the "wear-dust" is also aidid by 
reducing the pressure within the chamber to a 
sub-atmospheric value. Under these conditions, 
the graphitid carbon seizes and is rapidly disin- 
tegrated into a dust. The final comminuted 
20 product may then be colIected and sored in gas- 
tight containers to keep the wear-dust fresh 
(chemicatly active)  This fresh dust immediateiv 
adsorbs, apparently by chemical rather than 
physical action, gases such as hydrogen, niro- 
5 gen, etc., if present. The adsorption is substan- 
tialIy the saine whether the dust is formed in the 
presence of the gas it adsorbs diectty, or whethm" 
it is formed in vacumn and thê gas admited 
aïter comminution bas sopped. " Furtherm0re, 
30 it occurs ndepondently oïthe type of metal em- 
ployed as the moving base, and it is observed 
also with.graphite rods bearing Upon a graphite 
disc. 
In the drawing, Fig. 1 shows a chart of graphite 
5 wear rate in mm./second vs. water vapor pres- 
sure, in mm. ttg as reïerred to hereinafter. 
Fig. 2 is a diagrammatic illustration of the 
system and machine Suitable for carrying out 
my invention. 
OE0 Referring now to Fig. 2' of the drawing, the 
comminuting apparatus of h..present invention 
comprises a gas-tight chamber , within which 
is located a rotatably mounted comminuting 
wheel . The comminuting wheel is mounted by 
t5 trunnions  which are supported by two bearing 
block standards . One of the trunni0ns is ex- 
tended beyond its standard and is shown as 
shaft  to which is coupled one halï of a mag- 
netic coupling  which is alto contained within 
50 the gas-tight chamber . Mounted on waI1  of 
chamber | are the guide and feed means ïor di- 
recting the graphite rod 8 against the surface of 
the comminuting wheel 2. The guide means is 
shown as consisting of a collar  which is welded 
55 onto waI1  so-that the joint wiI1 be air-tight. 
Collar 8 extends past watI ] into chamber  so 
as to better guide the graphite roci 8 aïter it has 
been reduced in length during operation oï the 
machine. The collar 9 is threaded | at ifs out- 
6O side end to receive an end cap   and a resilient 
gasket 2 is provided to make th¢ joSnt gas tight. 
Within the collar 9 and cooporating with the 
graphite rod 8 are a spring |3 and a weight  
ïor exerting a constant pressure on the graphite 
65 rod. Since wall  oï the :chamber .!s removable, 
a resilient gasket | 6 is providid to make the joint 
gas tight. 
Two balïle ptates | are mounted in the cham- 
ber for the two-fold purpose of keeping the com- 
70 minuted material out of the trunnion bearings 
and for directing the fatling particles in such a 
way that they will be collected by air-tight con- 
tainer | provided for that purpose. The .base 
surface |8 of the gas-tight.chamber is shaped so 
as to form a conicàl section |9 below the coin- 
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 minuting vheel hich serves 'asa means of-di- 
recting the wear-dust :20 into.the removable-con - 
tainer 7. A pair of. gas-tight stop-cock type 
valves 2 and 22.are provided which permit con- 
tinuous operation 0f the apparatus anda means 
of disattaching the Container 7. Resflient-gas- 
kets 23 are proviled to make the 0ints, between 
the valves 2/ and 22,-,between valve 2t and 
cylindrical extension-'19a of the conical section 
19, hnd between valve 22 'and contàiner -7, gas- 
tigtt. 
A second hall 2 oï the magretic coupling is 
outside chamber  and is mounted on the shaft 
25 of a drive motor 25. Ported to'the-chamber 
I by .means of gas-tight tubing 2 is-a gas sys- 
em wh/ch has as elements in the system avac- 
uum pump 28 separatedïrom ttièrest of the gas 
system by valve 29. An air or gas ïnlet 30,-con- 
trolled by valve 51 is connectel to a dryer 
for removing the water vapor from the enterirg 
gas. The dried gas is hen compressed by pump 
33 and is stored in a pressurized gas tank . 
Suitble valves  and 6 are provided to seal 
off ach from the other the compressor 33 and 
the tank 3, and the tank 3 and the gas-tight 
chamber I. A bypass 5 is provided from the 
dryer 32 to the chamïoer I and a valve 33 is 
Lterposed in said by-pass 37 to seal itoff as 
the occasion demands. A purge ourlet 39, ported 
fo chamber , and a valve  for opering said 
purge ourlet is a]so provided. 
A. number of methods of operation wfll 
Clescribed. OEn the first, valvs 56, 8 and  are 
closed and valve 29 s opened. The vacuum pump 
is then operated until chamber Iis complêtely 
vacuated. Then valve 29 is closed. The motor 
26 is then started up and the resulting rotation 
is ransmitted to the comminuting /heel 2 via 
the .magnetic coupling. In the presence of .the 
vacuum in chamber , the graphite Seizs, the 
graphite crystals are ruptured producing .the 
wear-dust 2 which is collected in container 
Another method of operation conists in clos- 
ing valves , 3, and 9, opening valve 29 and 
evacuating chamber  as in the .first method. 
Then valve 29 i closed to seal off the vacuum 
pump. Valves 3 and 33 are then pened and a 
nonqubricatinggas is permitted to entercham- 
ber 1. The gas passes through thè .dryer and 
then the dry gas is bled into chamber.I by .valve 
33 untfl some desired pressure is attained. T'ne 
comminution process is carried on.as descriïoed 
in th first .method. 
Another method is very similar o thesecond 
one described except hat the gas is dried and 
then compressed ,by pump 33 and is held in pres- 
smïzed tank  with valve 56 Closed. Airer 
chamber  i evacuaed and valve 29 is shut/valve 
36 is opened and the dry nonqubricating gas is 
permited to enter the chamber until some 
sired pressure is reached. 
Another method of introducing nonqubricat- 
ing gas into the gas-tight chamber consists of 
purging chamber  with a nonqubricating gas. 
This consits of compressing dry nonqubricat- 
ing gas into tank 5 and then opening 0nly valves 
35 and . The gas under pressure enters cham- 
ber  and forces the gases that are in there 
that rime out of the chamber thrOugh purging 
ourlet 9. Then valves.3 and  are both closed, 
the gas remaining in the chamïoer ïoeing non- 
1.ubricating in nature. Then, the comminution 
process is egun and carried on in .the manner 
as previously described. 
.'vVhen it is necessay to replenish the supplY 

of .graphiçe» cap" 1:2 is ;taken off- anl:: velght I 
and spring 15 are:embved:.. Then :a -new Stick 
of graphite is ,inseted..in'.:collr 0and alI 
parts are reagsemblefl In collting the ear- 
dt, afterthe c0ntàer   ïs fillefl« b0th .valves 
2 and 22 are clused.and then by detachingvalve 
22 from valve 2, the.container and valve 22 
can bê removed., as a  without eg he 
wear-dustto anycontminantsanfl ,without Ios- 
ig-the non-lubcnt gàs which fills chambër 
Then another collecg container and valve :can 
be attached and the valves reopened fo :pr0cefl 
with the process as.before. 
It should be obviouSCat-certainmodffiatio 
ad impr0vement s -canbe:readfly marie, ,suchas 
(1) :-using-eier of the%wo parallèlfaces of-he 
comminUting wheel as he commuing suffàce 
tead oï hecyldrical face; (2) il.uoEg the 
dve motor ithlnthe gasght chamber so as 
t0 do away with:the-clutcng-angent and 
-(3) ing an appenflciled by a cold body Such 
as Iiquid nitrogen andprojeCting to the-commi- 
nion chamber forthe pose of condeing 
any water vapor preSent to-ure-dress with- 
in the coinution chmber. It should also be 
obvious that when a maetic Clutch is ed, the 
wall between the .two par 0f the clutch shod 
be non-maetic. 
OEn View of the uqueness of tHeclaed prod- 
ct and the nCCSity 0f dguihing it from 
0therCarbonproducs, it bas been deemed adOs- 
able fo descrbe tHis checally active gràphiic 
caon in ter of i denSïons an physical 
pr0perties, as well a its bhemical ppertids and 
acivity. The generi physicàl appearance of the 
Wear-dust is that in a aglomerated mass it 
of a non-flocculënt.anrnaure. 
 poted 0ùt herêinaboe thëcbmnuted 
prouct, bas an unuaI anity.for  diatoc or 
polyatomic gases and flI ieverib]y aorb a 
gas such as hydrogen   r60m temperate  and 
at Iow presse,, a phenomenon hot sho by ac- 
tivaed charcoal..It is ell .o that :ceain 
activated charcoIs and other activated orms of 
carbon WilI adsorb many gases at Iow tempera- 
tes but Upon gentle heting to room .retapera- 
turcs these gasës .(ecepting the odes) are 
dven off. Thus, ts te of adsorption is re- 
versible. On the other hànd I has been ;found 
that the grapte wear-t escbedherein ad- 
sorbs gases such as hyogen, gen, methane, 
carbon monoxide, and carbon  dioxide, hot only 
at low temperatures but ao at room empera- 
te, and fthermore.only ose wch are ad- 
sorbed oniy af low -temperatures can later be re- 
covered at-higher temperatures. - This is due fo 
the fact that the aorpon characteristic 
new product is permanent and ieversible. 
cae of thè ievesible nature of the reaction, 
if is believed :that he:adsorplon may be chemi- 
cal in natte..On  the.other:hand/the ear-dust 
does hot aorb the ert gaseous elements, e. g., 
neon, heli, argon, etc., at room temperature. 
The adsorption oï hyogen by fresh graphite 
wear-dust»at room temperate, is .interpreted 
as a hemical aorpion satisfying the open 
vlênce bonds resuIng from the opening of the 
graphite lattice dung theprocess 0f frictional 
70 seizure. 1t-bas been determined that the amount 
0f hydrogendsorbed by the dt is about 100,000 
tes greater than that adsorbed by a tical ac- 
tivated charcoal atthesame temperature and 
pressure.  is ieversIe:or =chemical .adso- 
.5  tion,.:wh meased-.at oom emrature, rep- 
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resents a chemically-active surface of the order 
of rive square meters.per grain. 
The chemical adsorption discussed above 
should be differentiated from the physical ad- 
sorption of the graphitic carbon wear-dust. The 5 
wear-dust is capable .of physically or reversibly 
adsorbing gases at low temperatures. Thus, the 
reersible or physical adsorption, of the claimed 
graphitic wear-dust, as measured at low tem- 
peratures (-196 o C.) indicates a.total physical I0 
surface area of the order of 435 square meters 
per grain. .  
From these data and also from the confirma- 
tory results of electron microscope studies, it bas 
been round that the process of wear results in a 15 
fine sub-division of the individual graphite par- 
ticles, increasing the total surface by several 
hundred fold fo within the range of the finest 
colloidal carbon blacks (color blacks), but with- 
out producing the contaminated surfaces which 20 
characterize the colloidal carbon blacks, and 
which distinguish them from elementary carbon. 
Measurements on representative wear-dust 
samples bave indicated that the total surface may 
be as high as 435 m?'/g, which is many rimes 25 
greater than the total surface of ordinary graph- 
ite powder (which is employed to make carbon 
brushes) which is of the order of 3 to 10 m.=/g. 
The total surface of typical rods from which the 
wear-dust may be ruade is of the order of 1 to 3O 
2 m?./g., and therefore the total surface of the 
wear-dust is approximately 99.5 to 99.9 per cent 
fresh surface developed in the wearing process. 
The results of chemical adsorption tests have 
shown that the chemical type hydrogen adsorp- 35 
tion was approximately 2 cc./g. (std. temp. and 
press.) and chemical type nitrogen adsorption 
was approximately 0.2 cc./g. (std. temp. and 
press.). Thus, only a portion of the fresh sur- 
face is chemically active, but" this activity is 
4o 
unique in the phenomena, of adsorption by 
carbons. - ' 
The 2 cc./g, hydrogen adsorlJ-tion, determined 
experimentally, although many times larger 
than that reported for any previous carbon, is 
only 2% of the physical monolayer nitrogen ad- 45 
sorption of 100 cc./g, determined at low tempera- 
tures (about --196 ° C.). The hydrogen adsorp- 
tien would seem to represent the proportion of 
carbon atoms which bave been exposed so as to 
show one or more strong valences of unsatura- 5O 
tion, sUch as those of free radicals. This ex- 
posure would not occur if the graphite crystal is 
simply delaminated or scaled away, but would 
occur if the crystal is opened both along the 
main cleavage plane and at right an_gles fo this 55 
plane (so as to uncover both face atoms and 
edge atoms). 
The laminar structure of graphite, together 
with the indication that the chemically active 
surface represents oniy a smal] proportion of the 60 
total surface, suggests that the wear-dust parti- 
cles are composed of thin plates, and that only 
edge atoms combfloEe .with hydrogen while face 
atoms in the main cleavage plane of graphite 
make up most of the total surface area. In this 65 
case the area of the .chemically active surface 
and the fraction of the surface atoms which are 
chemica1Iy active may be readily calculated from 
the lattice dimensions. The main cleavage plane 
of graphite consists of carb0n he_xagons with the 7o 
sma]lest interatomic distance 1.42 A and the 
separation between planes 3.39 A. The area per 
carbon atom along an edge perpendicular to the. 
mai plane is: therefore 1.42×3.39=4.81 sq. A.. 75 

8 
If the hydrogen adsorption is due to one-to-one 
combination of hydrogen atom with edge carbon 
atoms, the chemically active surface covered by 
1.98 cc. per grain is round to be about 5.12 m?'/g. 
Any other lattice points reacting with hydrogen 
would lead to an even smaller value for the area 
of the chemicaliy active surface. The results o 
some experiments indicated a total surface area 
of 35 m./g. Since the chemically active sur- 
fae was determined to be about 5 m./g., the re- 
maining total surface, 430 m./g., is considered 
to represent facial area. Although the "chemi- 
cal" surface represents only a small fraction of 
the total surface, its absolute magnitude, 5.12 
m?./g., is large compared with the total surface 
of the rod from which the dust was worn and Is 
comparable with the total surface of natural 
graphite powders. 
In order to determine the value of the equiv- 
alent particle size it may be assumed that the 
particle size represents the diameter of hypo- 
thetical spheres (or the edge of cubes), cal-" 
culated from the equation ,3=6pS where à3 is in 
microns when S is in m.2/g, and t,he density  
is in g./cc. (2.25 for graphite). It is convenient 
to use the spherical model for comparison with 
the more usual forms of black carbon but a 
laminar model with a large ratio of area to 
thickness appears much more likely from the 
evidence. For a plate-like particle of area A 
and thickness t, the surface area may be con- 
sidered as 2A with only a sma.ll error if the 
ratio of edge surface to total surface is small. 
The mass of the particle is AS p, and the surface 
area per unit mass S2/tp. As long as the thick- 
ness t remains small compared with the area A, 
the specific surface area of the graphite is in- 
dependent of the size and shape of the particle 
and is determined by the thickness. For wear- 
dust with S=435X 10e cm. '/g., therefore, the indi- 
cated thickness $=20.4X10-s cm. 
From thé specific surface alone there is no 
limitation on the-size and shape of plate-like 
particles; only the thickness is determined. A 
probable limitation on the face to edge surface 
appears in the ratio of total surface (as deter- 
mined by nitrogen adsorption at --195 ° C.), fo 
chemical surface (as determined by hydrogen 
adsorption at room temperature). The ratio of 
total surface atoms fo hydrogen atoms adsorbed 
chemically bas been calculated to be 155:1. If 
this is assumed to represent the ratio of face 
atoms to edge atoms, the average size of the 
plate-like particles of the graphite wear-dust 
may be calculated. Calculations show that cir- 
cular plates of. average radius 1720  and thick- 
ness 20.4  satisfy the requirements for both 
"total" and "chemical" surface, assuming com- 
bination of hydrogen with edge atoms. 
Adsorption methods bave provided one of the 
best means for determining specific surface and, 
by calculation, the particle diameter of fine 
pigments. 
Of particular interest is the low temleerature 
nitrogen adsorption method. The specific sur- 
face area and particle diameter of the graphitic 
carbon wear-dust was measured by this method, 
and in the following table, is compared to the 
specific surface area and particle diameter of 
representative carbon blacks. The tables below 
containing the representative values were taken 
from the book "Stu'face Area of Colloidal Car- 
bons," vol. 3, pp. 22-23, Columbian Carbon Co. 
(Binnie and Smith, distributors), printed by 
.lIack Printing Co., Easton, Pa., copyright 1942. 



The method of nitrogen adsorption used is. ex- 
plained fully in the paper by S. Brunauer, P 
Emmett, and E. Teller, Journal American,Chem- 
icaiSociety, 60, 309 (1938).  . 
" . TABLE i 
Pariclc sise ang surface arca 
nitrogen adsorpion (Emmet et al.) 

Carbon 

Area 
(Sq.m./g.) 

Micronex ................................ 
Arrow Black ............................ 
Wyex ................................... 
Thermax ................................ 
Thermatonie ............................ 
Acetylene ............................... 
Graphite Wear Dust ................... 

Diameter I0 
 (m): 

106.7 I" 31 
22.12 1 151 
112.7 I 29 
110. 2 I S0 
7.69 ] 430 15 
6. eel I 490 
64. 5 52 
435. 6 

TABLE 2 
Particle size ang surface area 
nitrogen agsorpon (Smih et al.) 

Carbon 

Surface Area Dlameter 
(Caleulated) 25 
(sq.m./g.) (m) 

NONIMPINGEMENT BLACKS 

I 
P-3 .................................. I 15 
Lampblaek ............................ ] 28 
Gastex ................................ 40 
Aeets, lene ............................. 64 

213 
114 30 
8o 

IMPINGEMENT BLACKS 

Graphitized Black ..................... 
Grade 9 Rubber ....................... 
Grade 6 Rubber ....................... 
Grade 3 Rubber ....................... 
E. Ink Black .......................... 
M. Ink Black ......................... 
80 Color Black ........................ 
71 Color Black ........................ 
S. C. Color Black ..................... 
C. L Color Black ...................... 
Graphite Wear Dust ................. 

90 35 
100 32 
114 28 
135 23.6 
100 32. 
110 29. 
350 9. 
140 23 
330 9.7 
391 8 
947 3.3 
435 6. 

It can readily be seen that the graphite wear 
dust has a much greater area and smaller size 
than those of the carbons listed above and ex- 
amined by Emmett et al., and similar results as 
rG all but one carbon is shown when comparing 
Smith et al. results. It should be remembered 
that the impingement blacks are produced by 
combustion process and the products dG not bave 
any special chemical activity or affinity. As far 
as is known, the claimed graphite wear-dust is 
the smallest size carbon produced by mechanical 
means, and it bas chemical properties which are 
hot round in any of the thermally produced car- 
bon blacks. 
Preliminary studies of irreversible nitrogen ad- 
sorption by the graphite wear-dust indicate re- 
sults that are considerably less than that for hy- 
drogen. On two tests, the nitrogen adsorRtion 
bas been round rG be 0.18 cc./g. (STP) or higher. 
The tact that it is SG large is rather remarkable 
since molecular nitrogen tiges not react chemi- 
cally with activated charcoal as pointed out by 
R. B. Anderson and P. I-!. Emmett, J. Phys. Col- 
loid Chem., 51, 1327 (1947). Preliminary ads0rp- 
tion data for methane showed an adsorption of 
about one-1]alf that obtained with hydrogen; 
that is, approxirnately the saine number of 
drogen atoms were involved per grain of graphitic 
wear-dust for these two gases. The carbon 
monoxide adsorption is indica.e t_0 b¢ of the 
same order as for hydrogen, 
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One of the uses which maF be.:ade Ofç,t.his.nw 
chemically:ac.tive graphitiç .courbe n powd.er, is that 
it may be usedto.PUrff.y th e gasepf:th_e inçt, el- 
. ment group by cleaning up":he- race s of _ni0r 
5 gen and hydrogen which at present .ae SG dfffi- 
cult-rG remove: -This use is described and 
claimed in my coRending application Serial No. 
43,855, filed ,August 12, .1948;ferred rG above. 
Another use is as a getter fl .vacuum tubes. A 
getter iS amateriàl thag 'wiiI.ëmhtl!rer 
more undesirable gases from 'g VgCfium devïce by 
combining With he-undësirabl gès'such as car- 
bon. monoxide, carbon dioxide, nitrogen-,...hy- 
drogen; oyygen,,etc.. - : .   : ./? . 
It is truc that the Product of the prescrit in- 
vention is Rrimarily elemental from a chemical 
viewpoint. It is also truc, however, that it con- 
stitutes a new and useful product which is dis- 
tinguished clearly by its physical properties and 
0 ifs chemical characteristics ïrom all generally 
simflar Rroducts. Thus, while several representa- 
tire uses of the product are described above, it 
will be understood that the uses are hot rG be 
limited rG those described above, as ïurther uses 
will suggest themselves rG those skflled in the art. 
Whfle I bave shown a particular embodiment 
of my invention, it will be understood, of course, 
that I dG not wish rG be limited thereto since 
many modhûcations may be ruade, and I there- 
fore contemplate by the appended claires rG cover 
any modifications as fall within the truc spirit 
and score of my invention. 
What I claire as new and desire rG secure by 
Letters Patent of the United Sttes is: 
$5 1. A method for producing chemically active 
ultra-fine sized graRhite particles comprising the 
steps of evacuating the space enclosed by the air 
tight housing in which the comminution process 
takes place, and then comminuting the graphite 
40 within said evacuated housing by pressing it 
against a moving surface. 
2. A method for produclng chemically active 
ultra-fine sized graphite particles comprising the 
steps oî evacuating the space enclosed by the air 
45 tight housing in which the comminution process 
takes place, then filling the gas-tight housing 
with gas chosen from the gases of the inert gas 
chemical group, and then comminuting the 
graphite within said housing in the presence of 
50 said gas by holding said graphite against a rotat- 
ing surface. 
3. A method for Rroducing chemically active 
ultra-fine sized graphite particles comRrising the 
steps of purging the gas-tight housing in which 
55 the comminution Rrocess takes place with sub- 
stantially dry sub-atmospheric pressure air hav- " 
ing a parçial water vapor pressure of less than 
1 mm. Hg, then sealing said housing and then 
comminuting the graphite within the space en- 
60 closed by said housing in the presence of said dry 
air said comminuting being carried out by holding 
theg_raphite against a rotating surface. 
« A method for producing chemically active 
ultra-fine graphite particles comprising the steps 
65 of evacuating a space enc!osed by an air-tight 
housing, fdling said space with a gas chosen from 
the group consisting of dry air, nitrogen, hydro- 
gen, carbon monoxide, argon, neon, and helium 
and commuting a graphite body within said 
70 gas-filled space by wear against a moving sur- 
face. 
5. A method for producing chemically active 
ultra-fine sized graphite particles comprising the 
steps of evacuating the space enclosed by the air- 
7 tight housing in which the comminution process 
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Il 
takes place, then fllling the gas-tight houslng Number 
wîth dry nitrogen gas. and comminutlng the 612,593 
graphlte withln said housing in the presence of ,;,21,039 
said gas by holding sad graphite against a rotat- 920,85';' 
Ing surface. 5 1,385,44,;, 
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